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OPEMTIONAL VIBRATION EDWiROlWEiiTS 18 SPACE VMICLES 

An appra i sa l  of the  physiological s ign i f icance  of  v ibra t ion  requi res  

t h a t  we have i n  hand two main bodies o f  data; the  general  c h a r a c t e r i s t i c s  

of the  v ibra t ion  s t r e s s ,  and the s t r e s ses  t h a t  can be e m - r e d  without 

i n ju ry  o r  without destroying t h e  crews' a b i l i t i e s  t o  perform t h e i r  tasks. 

This discussion w i l l  dea l  pr imari ly  w i t h  t he  f i rs t  body of informtiozi .  

Spacecraf t  v ibra t ion  arises f-om severa l  d i f f e r e n t  sources. Tie 

rocket engines ana their  assoc ia ted  ro t a t ing  mzchinery produce 50th * 

longi tudina l  and l a t e r a l  v ibra t ion  tha t  i s  predominant &dricg LE- .::!I 

periods.  

v ibra t ion .  

o r  buffet ing,  caused by atmospheric d i s t u ~ ~ ~ z ~ c e s  such as wind si,.:: ic 

going from one l e v e l  of t he  atmosphere 'io ar,other. 

machinery can produce v ibra t ion  throughmx a n iss ion .  

The rocket  a t t i t u d e  cont-oi system i s  another szL-.z-z? ,I' k z c - z l .  

-___ bL.. _ _  , ., I +,.-,- 2 7 -. +- ~ 

A J The t h i r d  general  sourile o f  v ibra t ion  i s  aemci;c&:..i 

Onboard r o t e t i n g  

The f i rs t  s l ide ,  

i s  an  example of a t y p i c a l  v ibra t ion  recoriic. ,Xiis record shows the  p i t ch  
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bending v ib ra t ion  f o r  three\,posit ions on the spacecraf t ;  the  nose cone, the 

fuel  tank, and t h e  t h r u s t  r ing .  Each ind iv idua l  record shows the  acce le ra t i cn  

i n  meters p e r  second per  second : L l t t e d  aga ins t  the time from l i f t - o f f .  

meter pe r  second p e r  second i s  q3proxirmtely equal t o  one-tenth of  a g; 

thus,  the  numbers represent  approximte ly  ten ths  of  g ' s .  Since these 

records a r e  the  combined l i n e a r  acce lera t ion  i n  t h e  p i t c h  d i r e c t i o n  w i t h  

t he  superimposed vibrat ion,  the  lor,g durat ion t regds of t he  record show The 

One 

rocket  acce le ra t ion  that results from t h e  g i rba l ing  of " the engines i n  

con t ro l l i ng  t h e  rocket  a t t i t u d e .  The high frequency shuddering s u p e r i q c s e d  

on the  genera l  t rends  of the record ind ica tes  the  superimposed v ibra t ion .  P- 

r ap id  inspec t ion  of the records shms  that  the maximum sus ta ined  acce le ra t ion  

i s  approximately two-tenths of a g. The v ibra t ion  i s  seldom g r e a t e r  thzc 

approximately p lus  or minus one-ze2th of a g .  

It i s  r e a d i l y  apparent t h a t  l i t t l e  can be learned  f r o m  rwords i n  ruhis 

form except fo r  the general  magnitude of the  acce lera t ions .  Addit ionel  

information must be obtained by i t r t h e r  processing and ana lys i s .  

Since various p a r t s  of the body- have va3.ous frequencies,  info-matio-r 

would be usefu l .  Such informatior  i s  ?,rese;.ted on the  secozd z i L 2 e .  

This s l i d e  shows t h e  magnitude of the  acce le ra t ion  i n  3 di f l ' e ren t  r'rs;l:.erA=y 
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bands for the  longi tudina l  d i r e c t i m  of a vehicle .  In  t h i s  case the root 

mean square average has been p l o t t e d  aga ins t  t he  elapsed time from laurich 

i n  seconds. Here you can see t h a t  the average acce lera t ion  i n  the 0.5 t o  

37.5 cycle pe r  second band was  approxirm.tely one-half g a t  approximately 

65 seconds after launch. 

maximuii acce le ra t ion  w a s  approximately one-half 

cycle p e r  second bandlthe maximum scce ie ra t ion  reaches approximately 

nine-tenths of a g. 

I n  the 37.5 t o  73 cycle per  second 'oand,the 

IE t he  75 t o  150 g. 

The next s l i de ,  

MAY WE HAVE SLIDE TERSE PLEASE 

shows similar data f o r  t he  r a d i a l  acce le ra t ion .  

i s  perpendicular t o  the  long axis of t he  rocket.  

1 1  3 values of approximately l -~ ,  l-F, and 1-- 10 

bands. 

'This v i b r a - ; i  apze lera t ion  

You can see Fere 1~zxZnx;: 

3 ' s  for the  th ree  I"re7aency 

The previous two s l i d e s  presented data Icr only three  freqsency bazds. 

Present ing v ibra t ion  f o r  a fill spectmm af frequencies i n  tkiis fashior. 

becomes somewhat cumbersome becaase a sep,ei-ite gra?h must -?e zva i l ab le  

f o r  each frequency band. 

sumar i zed  by a f igu re  such as shown on the  next s l i d e .  

For t h i s  reason v ibra t ion  data i s  ~ s - . z l l y  

MAY WE HAVE SLIDE F G L ?  PLEASE 



. . 

This s l i d e  shows a summary of the  longi tudina l  v ibra t ion .  RMS g ' s  a r e  

p l o t t e d  aga ins t  the  one-third octave band frzquencies.  You can see here  

that the  v ibra t ion  ranges f r o m  less than three- tenths  of a 

gradual ly  with frequency,to a maximum o f  th ree  

pe r  second band. 

g as the  v ibra t ion  frequency increases  from 1000 t o  2000 cycles  per  second. 

Q ,  increstsirig 

g ' s  i n  the one-thousand-cycle 

The v ibra tory  fo rce  then  decreases t o  enproximately one 

Considering g ' s  or force  alone, however, does n i t  cover the  e n t i r e  

s i t u a t i o n .  

of various p a r t s  of t he  human bociy can i n T l i c t  a s e r i e s  of  blows, hxrcan 

r e s i l i e n t  systems a r e  sens i t i ve  t o  energy i n g u t  as wel l  as the  rainam 

imposed force .  For t h i s  reason i t  i s  necessary a l s o  t o  consider the 

energy input  pe r  u n i t  time, o r  ik.e power i n  the  frequency bands Zhet 

encompass the  n a t u r a l  frequencies of human systems. 

a r e  i n t e r e s t e d  i n  frequencies fron: 1: t o  3 cycles  per  second up through 

a t  least  400 t o  600 cycles per  second. Such a power s p e c t m  i s  a k o m  

by t h e  next s l i d e .  

Since v ibra t ion  ac t ing  i n  resonance with the  na tu ra l  frequency 

I n  other  wor&, we 

MAY WE HAVX SLIDE YIW PLEASE 

This s l i d e  shows the  power spec tnm f o r  t he  l a t e r a l  d i r ec t ion  2t :?? r i g h t  

hand trunnion of a rocket vehicle .  

i n  g 

the  v ib ra t ion  spec t  L . 
i n  t h i s  gra-gh the acce l?re t io?  ezs i ty  

squared pel: cycle per  second (po;.T(tr p a r m e t e r )  i s  p l o t t e d  s z c i n s t  

\ 

\ 
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2 The pqwer parameter, g /cps, i s  proportiorial t o  t he  power input .  

You can see from t h i s  p l o t  t h a t  the  rmxiiiil:m power input  would occur ir! 

t he  200, 330, and 750 cycle pe r  second freqzencies .  The mmximum value 
2 

shown here i s  approximately 0.083 g per  cycle p e r  second. The ove ra l l  

v ibra t ion  l e v e l  was  3.02 g ' s  average. 

The next s l i de ,  

SLIDE SIX PLEASE . 
shows a similar ana lys i s  for the  longi tudina l  axis of t he  same vehicle .  

I n  t h i s  case most of the  power inpu.t l i e s  i n  the 400 and 730 cycle  pe r  

second frequencies.  The ove ra l l  vi'oration l e v e l  was 3-- I g ' s  average. 
IC 

I n  t h i s  case the  maximum longi tudina l  values for t h e  power pararxeter vas 

about 0.045. 

The previous s l i d e s  have shown zypical  examples of the v ibra t ion  

It hzs n o t  been poss ib le  i n  environiients that have been encountered. 

t h e  t i m e  ava i lab le ,  however, t o  r ihe  a comprehensive survey and sunya-ry 

of t'ne v ib ra t ion  environments. 

v ib ra t ion  environments that w i l l  5e  encountered i n  the  near fu ture .  Tie 

frequency range w i l l  vary from two up through a t  l e a s t  a thousand cycles 

p e r  second, the  f u l l  range of frequencies e n c o u t e r e d  i n  hxar! 502y 

dynamics. The magnitudes of the accelerc-tioc ~ ~ 5 1 1  rznze I'rorn 0 t o  ? 

i ? z  t'ne lz7.:er frequencies an& from 0 TO 10 

We can, howre r ,  swnmarize T h e  s s r t  of 

Z ' S  

y ' s  i n  t he  h i she r  f r q w n c i e s .  



/ 
-0- 

. 

OPW-TIONAL VIBR4TION EXKLROl!?l~WS IN S?ACE WECLES 

These v ib ra t iona l  acce lera t ions  can be combineti with sus ta iced  acce lerz t ion  

up t o  1 0  g ' s  o r  more. The duration of  the vibra t ions  can vary from a 

f e w  seconds to, i n  some cases, more than a minute and f o r  v ibra t ion  

induced by onboard machinery could endure f o r  the  complete mission. 

Pover dens i t ies ,  t he  g squared per cycle per  second, of approximte ly  

one-tenth a r e  encountered. 
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